REMARKS 

Applicants' claim of priority is noted but rejected in Paragraph 2 of the Office Action. 
Applicants respectfully traverse certain of the assertions of Paragraph 2 and request further 
clarification, as set forth below. The Examiner's assertions are addressed individually. 

A. "[Provisional Application No. 60/235,336 does not support or enable the steps of 
providing samples spectra and measurements of a predetermined characteristic 
associated with the sample spectra." 

In the "Nonlinear Optimization of Filter Layers" section, the provisional 

application refers to use of "a calibration set of optical spectra(s) representative of real 

samples," where the "concentration values (y) of the samples" is known. That is, the 

provisional application describes the provision of sample spectra (the optical spectra(s) 

representative of real samples) and measurements of a predetermined characteristic (the 

known concentration values (y) of the samples) associated with the sample spectra. 

B. "[Provisional Application No. 60/235,336 does not support or enable the steps of . . . 
selecting an initial number of layers [and] selecting a thickness for each layer." 

In the "Nonlinear Optimization of Filter Layers" section, above equation 16, the 

provisional application describes initialization of the algorithm "by a specified number 

of layers (n) with either random or pre-determined thicknesses (z)." 

C. "[Provisional Application No. 60/235,336 does not support or enable the steps of 
. . . defining a first regression formula that relates interaction of light with the 
transmission spectra to a regression value." 

In the "Nonlinear Optimization of Filter Layers" section, the provisional 

application describes a first regression formula with respect to equations 13 and 14. As 

described in the text, the formula relates an interaction of light (optical spectras) with 

the transmission spectrum (T) to a regression value (yhat). 
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D. "[Provisional Application No. 60/235,336 does not support or enable the steps of 

. . . applying each sample spectrum to the regression formula, thereby determining the 
regression value for each sample spectrum." 

In the "Nonlinear Optimization of Filter Layers" section, the provisional 

application explains that "the vector of concentration (yhat) values of all the samples is 

predicted" by application of equation 14. 

E. "[Provisional Application No. 60/235,336 does not support or enable the steps of . . . 
defining a comparison relationship between the regression values and said measurements." 

In the "Nonlinear Optimization of Filter Layers" section, the provisional 

application describes SEP equation 15 that defines a comparison relationship between 

the regression values (yhat) and the measurement values (y) of the samples. 

F. "[Provisional Application No. 60/235,336 does not support or enable the steps of. . . - 
optimizing the comparison relationship for said regression values, wherein thickness of 
each said layer is an optimization variable." 

In the "Nonlinear Optimization of Filter Layers" section, in the text following 

equation 15, the provisional application describes the optimization of SEP equation 15, 

including layer thickness as an optimization variable. 

G. "[Provisional Application No. 60/235,336 does not support or enable the steps of. . . 
selecting a plurality of sets of initial conditions [and] selecting a group of layer 
thicknesses." 

In the "Nonlinear Optimization of Filter Layers" section, in the text following 
equation 20, the provisional application describes two variants to the filter design 
algorithm. In the first, the process begins with different random starts, each initialized 
with a specified number of layers with random thicknesses. Thus, the "search direction 
proceeds to different local minima on the response surface^] hence the possibility of 
different solutions to the optimization problem." 
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H. [P]rovisional Application No. 60/235,336 does not support or enable the steps of . . . 
determining a second regression formula. " 

In the "Nonlinear Optimization of Filter Layers" section, following equation 20, 

the provisional application describes a second variant to the filter design algorithm, in 

which the initial starting point is defined by first minimizing the sum of squared 

differences between a p-factor PCR regression vector and the calculated regression 

vector described above. 

I. "[Provisional Application No. 60/235,336 does not support or enable the steps of . . . 
actually forming an optical filter segment in the manner required by claims 11-19, 23, 
and 24." 

The provisional application does not describe methods of forming optical filters 
including all the limitations of any claims 11, 12, 23 and 24. 

Furthermore, Applicants note that the two Soyemi, et al. articles form the basis for all 
claim rejections under 35 USC Sections 102 and 103, as set forth in paragraphs 17, 21 and 23 
of the Office Action. The Soyemi articles, and particularly the Proceeding of SPIE, Vol. 4205 
(2001) article (Soyemi 1), have disclosures similar in scope to the provisional application, with 
respect to the design algorithm. Thus, Applicants respectfully request clarification regarding 
what elements of claims 1-10 and 20-22 are not enabled by Provisional Application 60/235,336 
but are sufficiently described by an enabling disclosure in either of the Soyemi articles so as to 
support a rejection under Sections 102 or 103. 

Applicants also submit, however, that the material relied upon in the Soyemi articles is 
not properly the basis of the prior art rejections in that it represents Applicants' own work. 
The three inventors of the present application, Myrick, Soyemi and Gemperline, are joint 
authors of both articles. Of the remaining authors, Zhang, Eastwood, Li, and Karunamuni 
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were graduate and post doctoral assistants working under the direction of one of the inventors 
and were not inventors of the subject matter of the claims of the present application. 
Similarly, Mr. Synowicki provided test data at the request of one of the inventors and was not 
an inventor of the subject matter of the present claims. 

More specifically, and as set forth in the affidavit of Dr. Michael L. My rick attached 
hereto at E, the non-inventor joint authors performed experimental or testing work at Dr. 
Michael L. My rick's direction. Eastwood and Zhang acquired sample spectra that were 
applied to a design algorithm and that is reflected in Figure 3 at page 1072 of Soyemi 2. Li 
recorded the data represented at Fig. 4C at page 1073 of Soyemi 2. Karunamuni was 
responsible for construction and maintenance of a deposition chamber in which optical filters 
were formed as described in Soyemi 2. Mr. Synowicki was employed by an entity that was 
independent of the inventors. Dr. My rick sent samples of Nb20s and SiCh to Mr. Synowicki, 
who performed a variable-angle spectroscopic ellipsometry analysis for the samples and 
provided resulting data to Dr. Myrick, as reflected in Fig. 2 at page 1071 of Soyemi 2. 

With regard to Soyemi 1, Eastwood and Zhang acquired sample spectral data reflected 
in Fig. 4 at page 295. The data acquired by Li and reflected in Fig. 4C of Soyemi 2 was used 
in conjunction with the data reflected in Fig. 4 of Soyemi 1 to develop the information in Fig. 
5 of Soyemi 1 . 

Accordingly, Applicants respectfully request that the rejections based on the Soyemi 
articles, as set forth in paragraphs 17, 21 and 23 of the Office Action, be removed. 

Claims 2, 3, 16, and 24 were rejected under 35 USC Section 112 as set forth in 
paragraphs 8-12 of the Office Action. Applicants respectfully traverse these rejections. 



16 



Claims 2 and 3 were rejected on the grounds that it is unclear how light can be 
transmitted or reflected "by said transmission spectrum." As noted in the present 
specification, for example in the Background of the Invention section at page 17, lines 1-6, a 
filter's transmission spectrum is, collectively, the transmission percentages defined by the filter 
over its wavelength range. For example, if the filter's transmission spectrum has a 
transmittance of 60% at a given wavelength, 60% of incident light at that wavelength is 
transmitted by the filter, and 40% is reflected. As indicated at page 17, a regression formula 
may include the difference between the filter's transmitted and reflected light - i.e. the light 
transmitted by the transmission spectrum and the light reflected by the transmission spectrum. 

Accordingly, Applicants submit that claims 2 and 3 are not indefinite as originally filed. 
To facilitate prosecution of the present application, however, Applicants have amended claim 2 
to refer to light transmitted and reflected according to the transmission spectrum. 

Claim 3 was rejected as indefinite, as set forth in paragraph 9 of the Office Action, in 
that the reference to "the spectrum of said light" is unclear. Applicants respectfully traverse 
this rejection. As the phrase at issue is "the spectrum of said light," it is clear that the 
spectrum is that of "said light," not the "sample spectrum" or the "transmission spectrum." 
Claim 1 provides antecedent basis for "said light," and since light inherently has a spectrum, 
use of "the" before "spectrum" is appropriate. Thus, there should be no confusion among 
"transmission spectrum," "sample spectrum" and "the spectrum of said light." 

Claim 16 was rejected, as set forth in paragraph 10, as ambiguous regarding recitation 
of step (o). Claim 16 has been amended to correct a typographical error, replacing (o) with 
(n). Applicants submit that the rejection has thereby been overcome. 
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Claims 20 - 24 have been rejected, as set forth in paragraph 11, regarding recitation of 
optimizing said comparison relationship for said regression values to a minimum said 
"regression value." Applicants submit that the claim recitation is not indefinite, in that the 
cited phrase refers to optimizing the comparison relationship until the comparison value 
reaches a minimum level. To facilitate prosecution of the present application, however, claims 
1, 20 and 24 have been amended to clarify that the comparison relationship is optimized for 
regression values based on minimization of, or defines a comparison value based on, 
differences between the regression values and the measurements. Claims 1 and 20 have been 
amended to clarify that the comparison relationship compares the regression values and the 
measurements. 

Claim 23 has been rejected as set forth in paragraph 12 of Office Action. Claim 23 has 
been amended to overcome the rejection. 

Claim 3 has been amended to clarify antecedent basis for "spectrum" in line 3. 
Claim 10 has been amended to correct a typographical error. 

Claims 11, 12, 19, 23 and 24 have been amended to clarify antecedent basis of "optical 
interference filter." 

Claim 13 has been amended to clarify antecedent basis regarding "first layer." 

Claim 14 has been amended to clarify antecedent basis of "difference" in view of the 
amendments to claim 1 . 

Claims 16 and 19 have been amended to clarify the identification of the layer from the 
previous step (i). 

Claim 23 has been amended to clarify antecedent basis regarding "thickness." 
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Claim 24 has been amended to clarify the identification of the layer from the previous 
step (k). 

The specification has been amended to correct references to an equation. 

Claims 1 through 24 were rejected under 35 USC Section 1 12, first paragraph, as set 
forth in paragraph 14 of the Office Action. In general, the claims were rejected on the 
grounds that the specification fails to enable one skilled in the art to practice the invention 
commensurate in scope with the claims without undue experimentation, in that certain elements 
of the claims are broader in scope than examples expressly described in the specification. 

Applicants respectfully traverse the rejection. The subject matter of the present claims 
are in the predictable arts, and where claims in such arts are broader in scope than specific 
examples that may be expressly provided in the specification, those of ordinary skill in the 
relevant art can generally understand, in view of the specification, that the specification may 
support a broader subject matter. The Office Action does not point to any implication in the 
present application that the invention is limited to expressly disclosed embodiments or 
otherwise to subject matter narrower than the scope of the claims. Instead, the Office Action 
takes the position that the claims are not enabled merely if they encompass a scope broader 
than the expressly disclosed embodiments. Applicants therefore submit that the rejection is 
improper. 

In any event, Applicants respectfully submit that one skilled in the art, in view of the 

disclosure of the present specification, would recognize that the specification enables the full 

scope of the claims. Taking the points raised in the Office Action in turn: 

A. The claims are open to any "sample spectra" and any "predetermined 

characteristic measurements, but the Applicants' disclosure is limited to sample 
spectra of gasoline samples and octane value measurements; 
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The claims of the present application are directed to methods of 
determining layer thicknesses for optical interference filters. The methods begin 
with the step of providing sample spectra and measurements of a predetermined 
characteristic associated with respective sample spectra, but those skilled in the 
art should recognize, in view of the present specification, that gasoline octane 
value is merely an example and that the particular sample and associated 
characteristic can vary with the user's needs. As indicated in U.S. Patent 
6,198,531 (the disclosure of which is incorporated by reference in the 
specification of the present application), light samples can carry a variety of 
information, for example ethylene content of polymer samples, blood glucose 
level and information for long range optical communications in wavelength- 
division multiplexing systems. Further, Applicants attach at A an image of a 
front cover of the March, 2000 issue of Applied Spectroscopy, which reflects 
the known chemometric procedure of acquiring samples, performing lab 
analysis on the samples to determine desired characteristics and spectra of the 
samples, and modeling the spectra to establish how the spectra are related to the 
characteristics. One skilled in the art would not view the disclosure in the 
present specification regarding sample spectra and predetermined characteristics 
associated with the sample spectra as limited to gasoline octane rating but rather 
would understand that the claimed method could be applied to a variety of 
subject samples as desired. 
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B. The claims are open to any method of "determining a transmission spectrum," 
but the Applicants' disclosure is limited to using a specific matrix method to 
determine the transmission spectrum; 

It is known in the art how to determine a transmission spectrum of an 

optical filter once the number of layers and the thickness and composition of the 

layers are known. Exemplary steps for such a procedure are described as prior 

art in the Background section of the present application, beginning at page 5, 

line 5, and it is also noted in the Background section that commercially available 

software (TFCALC, available from Software Spectra, Inc.) can perform this 

function. Pages 44-49 of the Handbook of Infrared Spectroscopy of Ultrathin 

Films (2003), a copy of which is attached hereto at B, describe recursive and 

matrix methods of determining transmission spectra. Applicants respectfully 

submit that one skilled in the art, in view of the present specification, would 

understand the specification is not limited to any particular method expressly 

described in the specification of determining transmission spectra and that the 

specification enables the full scope of the claims with respect to determining a 

transmission spectrum of an optical filter having a selected number of layers and 

a selected thickness of each layer. 

C. The claims are open to any method of "defining" a regression formula, but the 
Applicants' disclosure is limited to using a specific method to define a specific 
regression formula. 

Regression analysis is a well known and understood statistical tool, as 

reflected in the March, 2000 Cover of Applied Spectroscopy attached at A and 

the following definitions from McGraw-Hill Dictionary of Scientific and 

Technical Terms , 1679 (5 th ed., 1993) (Attachment C): 
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Regression - "given two stochastically dependent random variables, regression 

functions measure the mean expectation of one relative to the other." 
Regression Analysis - "the description of the nature of the relationship between 

two or more variables; it is concerned with the problem of describing or 

estimating the value of the dependent variable on the basis of one or 

more independent variables. 
Regression Coefficient - "the coefficient of the independent variables in a 

regression equation . " 
Regression Estimate - "an estimate of one variable obtained by substituting the 

known value of another variable in a regression equation calculated on 

sample values of the two variables." 

Applicants respectfully submit that one skilled in the art, upon reading 
the present specification, would understand that the specification is not limited 
to any particular method expressly described in the specification for defining 
regression formulas and that the specification enables the full scope of the 
claims with respect to defining a regression formula. 

The claims are open to any method of "defining a comparison relationship" 
between regression values and measurements, [but] the Applicants' disclosure is 
limited to doing so by using a specific merit function; and 

The claims are open to any method of "optimizing said comparison 
relationship" for the regression values, but the Applicants' disclosure is limited 
to doing so by a specific method. 

Referring to the defining and optimizing steps together, Applicants note 

that the optimization of comparison relationships among multiple variables is a 

well known and understood mathematical process. For example, the 

Background section of the present application describes a prior art method of 

designing an optical filter beginning with a desired transmission spectrum and a 

selection of materials for the filter layers. A merit function describes the 

difference between the desired spectrum and any other spectrum. Given a 
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starting point for the number of filter layers and thicknesses thereof in the 
"other" spectrum, the values for the number of filter layers and layer 
thicknesses are varied in order to optimize the merit function value and thereby 
identify an "other" spectrum closest to the desired spectrum based on the 
original starting point. A quasi-Newton method of optimization is described. It 
is also noted in the Background section that commercially available software 
(TFCALC, available from Software Spectra, Inc.) can perform these functions. 

As indicated in the Background section, one skilled in the art should 
understand that various comparison relationships may be defined, for example 
as described at equations la, lb and lc. Moreover, once the comparison 
relationship is defined, one skilled in the art should recognize that an 
optimization method other than a quasi-Newton method could be employed. For 
instance, the description of a "quasi" Newton method should indicate that a 
Newton method could be used. Newton's method is a basic mathematical 
process, defined at McGraw-Hill Dictionary of Scientific and Technical Terms , 
1081 (3 rd ed., 1983) (Attachment D) as "a technique to approximate the roots of 
an equation by the methods of the calculus." 

As noted in the Office Action, prior art patents recognize that it is known 

to minimize merit function values in designing optical filters. At col. 10, lines 

28-52, US Patent 4,896,928 describes a method of designing an optical filter 

based on a desired reflectance spectrum: 

Those of ordinary skill in the art will be familiar with, and 
capable of performing such an iterative optimization operation, as 
a matter of routine design. The operation will typically [include] 
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the steps of choosing a merit function, and then minimizing the 
merit function utilizing an optimization routine, to determine the 
optimal set of design parameters. For example, U.S. Pat. No. 
4,536,063, issued Aug. 20, 1985 to Southwell . . discusses the 
manner in which an optical coating design merit function may be 
chosen, and then minimized, to generate a desired optical coating 



Applicants respectfully submit that one skilled in the art, upon reading 
the present specification, would understand that the specification is not limited 
to any specific method expressly described in the specification for defining a 
comparison relationship between regression values and sample spectra 
measurements or of optimizing the relationship and that the specification enables 
the full scope of the claims as originally filed with respect thereto. 
For at least these reasons, Applicants traverse the rejection of claims 1-24 under 35 
USC § 112, first paragraph, for lack of enablement. 

Applicants submit that the application is in condition for allowance. Favorable action, 
and withdrawal of outstanding rejections, is therefore respectfully requested. The Examiner is 
requested to contact the undersigned at his convenience should any issues remain. 



design. 



Respectfully submitted, 



NELSON MULLINS RILEY 
& SCARBOROUGH, L.L.P. 




Lloyd G.<Fafr 
Registration No. 38,446 



1320 Main Street 
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(404)817-6165 
Fax (803) 255-9831 
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Figure 1.14. Scheme of stratified medium containing N phases and N - 2 layers. Shown are 
coordinates and nomenclature used throughout. 



and the matrix method-both requiring computer programming, in the |hmQng 
cases these approaches permit one to study wave propagation phenomena for 
a tuition (inLnogeneous in depth) layer by "slicing" it into a large enough 
number of infinitely thin layers and, for a single layer, by equating this number 
to unity. Abeles [129, 130] was the first to suggest the use of 2 x 2 mattix 
transformations to simplify the calculations of the 

of isotropic layers. Abeles' s formalism was developed [9, 52, 87, 131, 132 j into 
f. mX cLenient form for computation by introducing dje ^t^T^ 
Harbecke [133] and Ohta and Ishida [134] extended Abeles s approach to a 
fy^e* wi* phase incoherence, based on the concept of incoherent multiple 
e y Son^ in real systems, in which there are neither plane nor paraUel ^surface 
nor a monochromatic light source or some layers are sufficiently duck so that 
the period of interference is smaller than the resolution of the spectrometer 

The mathematical treatment of light propagation through an anisotropic strat- 
ified medium is not simple. Exact solutions can be obtained by the 4 x 4 matrix 
method 114 135-139] generalizing Abeles's approach to anisotropic layers, lhe 
^ of the Berriman 4 x 4 formalism [135] is in its apphcabiUty to mater, 
als with magnetic anisotropy and opticaUy active matenals. For the detenmnation 
of orienS within the media, Parikh and AUara [138] found Yeh s treatmen 
of the 4 x 4 matrix method [14] to be most flexible, extending it to a pfie of 
absorbing films, each with any degree of anisotropy up to and mcludmg ta- 
id symmetry. However, according to Cojocaru [140], for practical purposes, the 
so-called 2 x 2 extended Jones matrix method [131] is adequate and easier to 
use Hasegawa et al. [141] demonstrated that Hansen's 2 x 2 matrix method can 
oe ealiTy generalized for the case of anisotropy by introducing Drude's formu- 
las devlped originally for a two-anisotropic-phase system. They presented die 
%£1^f£Jri* media and tested it in the studies of the molecular 



1 .7. SYSTEM OF PLANE-PARALLEL LAYERS: MATRIX METHOD 



45 



Output 
medium 




N phases and N — 2 layers. Shown are 



5 uterprogramimBg.Inthebimtmg 
wave propagation phenomena for 
by "slicing" it into a large enough 
tgle layer, by equating this number 
^ suggest the use of 2x2 matnx 

of the optical response in the case 

, a ro <v 87 131 132] into- 
leveloped [9, 52, »/, ^ J 

introducing the Fresnel coefficients. 
I extended Abeles's approach to a, 
the concept of incoherent multiple 
•e neither plane nor parallel jmrfaces ; 
layers are sufficiently thick so that. 

s resolution of the spectrometer, 
.agation through an anisotropic stra^ 
c Lbeobtamedbyme4x4matn* 

s approach to anisotropic layers. The 
[13 5] is in its applicability to maten,-. 
lC l tive materials. For the determinate 
fAllara [138] found Yeh's treatment 
ost flexible, extending it to a pile^^ 

amsotropy up to and includmg htt^ 
.caru [140], for practical P^ 0S J' 
; thod [131] is adequate and eafflff^ 
OA Hansen's 2 x 2 matrix method^ 
by introducing Drude's f ormg 
^as-yste^Theypres^ 
sted it in the studies of the moie j 



orientation (MO) in the multilayered Langmuir-Blodgett films with uniaxial sym- 
metry. Yamamoto and Ishida [115, 142] extended Hansen's method to the case 
of biaxial anisotropy. Based on the matrix method of Ohta and Ishida [134] and 
the generalization of Yamamoto and Ishida [115, 142], Buffeteau et al. [143] 
suggested the computation procedure applicable for an arbitrary succession of 
coherent anisotropic and incoherent layers. 

In this section, we shall give the recursion relationships derived by Popov 
[144] and Leng et al. [145] and the explicit formulas and algorithm.for program- 
ming the spectral simulations according to the Hansen matrix method [100], 
applicable to isotropic thin films. For the most part, the spectral simulations 
in the present handbook were carried out by using the program based on this 
algorithm. In Chapters 2 and 3 we will show that, using such a program or 
recursion relationship, any spectroscopist can simulate the IR spectra for the 
layered system of interest. The simulated spectra provide extensive informa- 
tion assisting in, for example, the determination of the optimum conditions 
for recording the spectrum (Chapter 2) and the interpretation of the spectrum 

(Chapter 3). . 

1.7.1°. Let there be a general system of N isotropic layers with different 
optical properties (described by the complex refractive indices hj) and of arbi- 
trary, thicknesses dj (Fig. 1.14). The recursion relationship of the corresponding 
reflectance that is conducive to computer programming has been obtained in 
ni44]L In the case cp\ - 0, 
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-h 2j -3 + l/hij-i 



(1.102) 



with, the- intermediate variables defined as 



(1 _ r p e - ik!i J d J 

h V ~ ^ _ r 2 e -2iknjdj ' 
1 _ e -^knjdj 
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ri = -- 
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nj + V 



(1.103) 



(1.104) 



^■"SS-wfiere: 23T./A. and X is the wavelength in a vacuum. For <p\ £ 0 and 
H*^ t ?^ Bo6riiation ' is replaced by n,cos<?; in Eq. (1.103) and by |n 7 |cos^ in 
^M Eq\. (*1L104), whereas for s-polarization, hj is replaced by hj cos (p s in Eq. (1.103) 
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and by (cospO/ft; in Eq. (1-104). The complex refractive index hj and the com- 
ix angle of incidence 9} follow SnelTs law (1.56). Equation 1.102 is seldom 
used for spectral simulations, perhaps being as of yet relaUvely u^own. . 

For analysis of six-layer silicon on oxide films, Leng et al. [145] applied the 
following elegant regression formula: 



(1.105) 



where d n is the thickness of the nth layer tf' is the reflectance of * cs- or 
p-polarized radiation from layer n, and rf' is the Fresnel coefficients for the 
interface between layers n and n + 1, calculated as 



7~ — ™ I J 



where s n and u n are the permittivity and permeability of the material in layer n, 
wnere s n ana «u v * Je Qf propagatlon 

respectively, and k n%z = {2n/X){n n + nc n )cos<p n W l! > s r o 
in the nth layer). The Fresnel coefficients for each layer are calculated from the 

layer below^ background of the matrix method is covered in a 

great body of literature (see, e.g., Refs. [9, 14, 52, 87, 88 131, 142] . The basic 
foncept involves the construction of a characteristic transfer matrix for a pde of 
films M, as the matrix product of the characteristic matrices of each film, Mj. 
L iS turn, the characteristic matrix of a single film, Mj,. is grated on the 
basis of the boundary conditions (1.4.7°). According to Abeles's 
105 129 130] such a matrix relates the tangential amplitudes of the electee 
and magnetic field vectors at the input and output film boundaries. The mam 
characteristic matrix, M = Uj Mj, relates the tangential amplitudes of h etonc 
and magnetic field vectors at the input, z = 0, and at the outpu .boundary of 
the oile (Fig 1 14). (The other type of matrix method uses amplitudes of the 
Icrric 2* for dictions of incidence and reflection £7 132]. However dj. 
method is not considered here since it cannot be generalized to amsotropy •) The 
Fresnel amplitude reflection and transmission coefficients of the system 1 4.5 i ) 
are expressed in terms of the matrix elements, which allows one to calculate the 
reflection and transmission spectra of the whole layered system. 

17 3° Let us now reproduce the algorithm of the Hansen method following 
the notations of Ref. [100]. The optical configuration used throughout the text is 
described in Fig. 1.14. Incoming parameters for the spectral simulations are as 
follows: 

1 The number of media, N, of which 1st and Nth are the medium of incidence 
" and the final medium, respectively. The number of layers is, therefore, 
N-2. 
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2 The wavenumber dependences of the real refractive index n(v) and the 
extinction coefficient Jfc(v) in the spectral range of interest. These depen- 
dences can (a) be calculated by using Eqs. (1.17) and (1.53) if the param- 
eters of the corresponding oscillators are known, (b) be extracted from the 
reflection or absorption spectrum by the KK relations (1.18) (see descrip- 
tion of the procedure, e.g., [142]), or (c) be reference data [16, 25, 47, 
48,51]. 

3 The magnetic permeability fij 0 = 1,2,..., N) for each of the N media 
' (1.1.2°). 

4. The angle of incidence <p\. 

5. The thickness dj for each of the N - 2 layers. 
6;. The wavenumber range and step. 

1 7 4° The spectral simulation involves the stepwise calculation of the fol- 
lowing quantities at each wavenumber, with the selected step over the range 
covered: 

1- The complex vectors hj = rij+ikj and ij = n) - kj + 2injkj(j = 
' 1\....,A0- 

2 The cosines of the complex angle of refraction, cos<p ; - = [l- 
"* \tn x sm<pi) 2 /n))] l/2 , as cos<^ = | Re(cos^)| + i\ Im(cos^)|, j = 

2;..., tf. 

3' The- generalized complex indices of refraction = cos<p 7 (j - 

l f , AO, Eq. (1-69), where hj is obtained at step 1 and cos?,- is found 

at step 2. 

: 4, ft. =.2jrdjSjV S (J = 1, . . . , AO, where is the complex quantity obtained 

at step 3. 
' 5\. pj = (^//x/) 1/2 cos^. 
6.. q } = (fij/6j) l/2 costpj. 
. -7... The elementary characteristic matrix Mj for each of the N - 2 constituent 
y layers, in, the particular stratified medium is calculated as 



(a) - M) = 

(b) Mf = 



COS Pj 



—I 

— sin Pj 

Pj 

—ipjSinPj cos Pj 



—i 



cos Pj — sinjSj 
-iqj sin Pj cos pj 



for ^-polarization, 



for /7-polarization. 



Here, i = V^T and j = 2, 3, . . . , N - 1. 
8*. ^characteristic matrix of the whole multilayer structure is calculated 
as; the product of the elementary matrices obtained at step 7: 



[mil m\2 1 
■M = M 2 M 3 -.M N - l = \ m2 J. 
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9. By using the elements of the M matrix, the Fresnel amplitude reflection 
and transmission coefficients (1.58) of the Af-isotropic-phase medium are 
found from 



(mu + mnPN)P\ ~ fail + m 22PN) 
(mn +mi2PN)p\ + ( m 2i +r n 22PN) 
(mu + mi 2 qN)q\ - ( m 2i + rn^q N ) 
(mn + mnqN)q\ + (m 2 i + m 22 qN) ' 
2pi 



rP - 



tP = 



(mn +^12Pn)P1 + (™21 + ™22/?iv)' 

_2fli 

(mn +rn 1 2qN)q\ + (™2i +m 22 ^) 



10. With the quantities computed at step 9, the reflectance and transmittance 
of the stratified medium are calculated as 

(a) /^P =r ^. r ^* = ir^| 2 , 

/xiRe(n/vCOS <p N ) 2 



(b) r = 



fjL^ni costal 



7 p = /xjyRe(nArCQS^/^) |fP|2 ^ 
jLtini cos<pi/n^ 



1.7.5°. Formulas may be derived on the basis of the matrix method for the 
reflectance and transmittance for a layer whose optical constants vary with the 
depth [9, 14, 87, 88, 109, 132, 146, 147]. For example, the following expressions 
for reflectance and transmittance were obtained in [147]: 



R = 



T = 



Js 2 + X 2 (r S ub +>/o) + [g faub ~ r fo) 

+X(1 + r^r/p)] tanh(V^ 2 + x 2 ) * 

y/^Tx 2 ^ + r sub r f0 ) + - r sub r f0 ) + X<>sub + r /0 )] 

/" 

Jo 



, (1.106) 



- / dn f (z)/dz • n f (z)/2[ni(z) - fifosmw] 
Jo 



cosh(Vcr 2 -f-X 2 )(l + r suh r f0 ) + sinh( v / ?Tx I ) 
x[x(l - r sub r fQ ) + ff(r S ub + r f o)] 



(1.107) 



where r sub is the Fresnel amphtude coefficient for the interface between the 
inhomogeneous film and the substrate, r f0 is^the Fresnel amplitude coefficient 
for the interface between the surroundings and the film, h f (z) is the refractive 
index as a function of the film depth, and h f o — n f0 + ifc/o is the refractive 



4 BY ULTRATHIN FILMS 

Fresnel amplitude reflection 
-isotropic-phase medium are 



i 2 \ + m22PN) 
in + rnziPN) ' 
21 + m22^iv) 

21 + W22<?N) 



«2i + m>22 Pn) 



%2\ + M22<In) 

; reflectance and transirrittance- * | 



is of the matrix method for the * ^ 
optical constants vary with the- W 
mple, the following expressions, m 
in [147]: 



"sub 



- r/o) 



+ X 2 ) 



/o) + X (''sub + r/ 0 )l 



sin^i] 



70)] 



(1.106)?, 



(1.107)> 



tfieS 
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index of the film at the interface with the surroundings, 
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Jo n f (z)dz \ 2[n 



n 2 f (z) 



dz 



dhf(z) 



f (z) -n 2 f0 sin<p\] i 
rifiz) \ 



" L UC dz \2[h 2 f (z) - n 2 f0 sin cpx] J J 
Xj = x p =Tmj dzjh 2 -n 2 f0 sincpx, 

and <p\ is the angle of incidence. 

1.7.6°. The Hansen formulas shown above can be adopted for anisotropic 
layers by redetermining the quantities Pj 9 and introduced in (1.7.4°), in 
the following way [126, 142]: 

4*. 0? = 27tdjVjh jx cos tp p p = IndjVjhjy cos (j = 1, , . . , N, axes as 

shown in Fig. 1-14); 
5:*.. Pj = cos (p jp /n Jx \ and 
6*.. = rijy cos (p js . 

Here;, the- angles cp jp and (p js are defined by the equations h\ sm<p\ = n Jz sm cp jp 
ancTni sin^i = n Jy sin^- s , respectively, and n yk = n jk + ik jk (k = x, y, z). 

t& ENERGY ABSORPTION IN LAYERED MEDIA 

According to Maxwell's theory, the rate at which radiation energy is absorbed is 
;<nreetly proportional to the mean-square electric field (MSEF), {E 2 ), at the place 
; where the absorption occurs (1.1.15°, 1.2.9°), which in turn is strongly dependent 
^iLthe^position. within the layered medium, parameters of the experiment such 



at for the interface between 1 
the Fresnel amplitude coefficient^ 
ithe film, h f (z) is thererraeuv| 
/0 = n /0 + i*/o ^ the refractive^ 



as; the: polarization and the angle of incidence, and the material characteristics 
; r ;(tne: refractive indices of the layer, the substrate, and surroundings). Fry [148] 
^^^fc^proposed the use of the variation of the angle of incidence on the MSEF to deter- 
; ntine; optimal experimental conditions. This method, which is sometimes referred 
! : : to^as. electric field analysis (EFA), has helped to understand the enhancement 
? ^' : %,echanisms in grazing-angle external reflection spectra of thin films on metals 
|£<Ml 132, 149], metal overlayer ATR (MOATR) [2, 132, 150], and the ATR 
/~%4^ eGtnu °£ graphite-coated organic films [151]. Suzuki et al. [152] interpreted the 
spectral enhancement for ultrathin films on rough metal surfaces 
^^^ landlike ' m etal underlayers using EFA. Sperline et al. [153, 154] proposed 
^^|H uaa ^ nv °f' surf ace excess of the adsorbed molecules at the solid-liquid inter- 
^^ih? terms of: the- electric field intensities. Harbecke et al. [155] and Grosse 
2 v ^^P^miann.[2] interpreted' the Berreman effect (Section 3.2) using the EFA 
Jp^?^ s * ons * for the dissipated energy. By analyzing the electric field strengths, 
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regmagenesis 



regular sampling 1679 



regmagenesis [geol] Diastrophic production of regional 
strike-slip displacements. { [reg-ma'jen-a-sas ) 
regmaglypt [geol] Any of various small, well-defined, charr 
acteristic indentations or pits on the surface of meteorites, fre- 
quently resembling the imprints of fingertips in soft clay. Also 
known as pezograph; piezoglypt. { 'regains, glipt ) 
regolith [geol] The layer rock or blanket of unconsolidated 
rocky debris of any thickness that overlies bedrock and forms 
the surface of the land; Also known as mantle rock. { 'ree- 
a.lith ) 

Regosol [geol] In early United States soil classification sys- 
tems, one of an azonal group of soils that form from deep, 
unconsolidated deposits and have no definite genetic horizons. 
{ 'reg*a,sal } 

regradation [geol] The formation by a stream of a new 
profile of equilibrium, as when the former profile, after grada- 
tion, became deformed by crustal movements. { ( re-gra'da- 
shan } 

regression [geol] The theory that some rivers have sources 
on the rainier sides of mountain ranges and gradually erode 
backward until the ranges are cut through, [oceanogr] Re- 
treat of the sea from land areas, and the consequent evidence of 
such withdrawal, [psych] A mental state and a mode of 
adjustment to difficult and unpleasant situations, characterized 
by behavior of a type that had been satisfying and appropriate 
at an earlier stage of development but which no longer befits the 
age and social status of the individual, [stat] Given two 
stochastically dependent random variables, regression functions 
measure the mean expectation of one relative to the other. 
{ ri'gresh*an } , 

regression analysis [stat] Tlie description of the nature of 
the relationship between two or more variables; it is concerned 
with the problem of describing or estimating the value of the 
dependent variable on the basis of one or more independent 
variables. { ri'gresh-an a,nal-a*sas } 

regression coefficient [stat] The coefficient of the inde- 
pendent variables in a regression equation. { ri'gresh-an ,ko- 
- a,fish*ant } * 

regression conglomerate [geol] A coarse sedimentary de- 
posit formed during a retreat (recession) of the sea. { ri'gresh- 
an kon,glam*3T3t } 

regression curve [stat] A plot of a regression equation; for 
two variables, the independent variable is plotted as the abscissa 
and the dependent variable as the ordinate; for three variables, 
a solid model can be constructed or the representation can be 
reduced by an isometric chart or stereogram. { ri'gresh-an 
,karv } 

regression estimate [stat] - An estimate of one variable ob- 
tained by substituting the known value of another variable in a 
regression equation calculated on sample values of the two var- 
iables: { ri'gresh-an ,es-ta*mat } 

regression line [stat] A linear regression equation with two 

or mor&Atariables. { ri'gresh-an ,Iin } 
regression of nodes [astron] The westward movement of 

the nodes of the moon's orbit; one cycle is completed in about 

18.6 years; { ri'gresh-an av 'nodz } , 
regressive overlap See offlap. { ri'gres-iv 'o-var.lap } 
regressive reef [geol] One of a series of nearshore reefs or 

bioherms superimposed on basinal deposits during the rising of 

a landmass or the lowering of the sea level, and developed more 

or less parallel to the shore. { ri'gres-iv 'ref } 
regressive ripple [geol] An asymmetric ripple mark formed 

by a current but oriented in a direction opposite to the general 

movement of current flow (steep side facing, upcurrent). 

{ ri'gres-iv 'rip-al } 

regressive sediment -.[geol] A sediment deposited during 
the retreat or withdrawal\pf water from a land area or during the 
emergence of the land, and characterized by an offlap arrange- 
ment. {: ri'gres-iv 'sed*a*mant } c 
regret criterion See Savage principle. { ri'gret kri.tire-an ) 
regula falsi [math] A, method of calculating an unknown 
quantity by first making an estimate and then using this and the 
properties of the unknown to obtain it. Also known as rule of 
false position. { 'reg-ya-b 'fal-se } 

regular [bot] Having radial symmetry, referring to a flower. 
[electromag] In a definite direction; not diffused or scattered, 
when applied to reflection, refraction, or transmission, f 'ree- 
ya-br} 

regular Baire measure [math] A Baire measure such that 



the measure of.any Baire set E is equal to both the greatest lower 
bound of measures of open Baire sets containing £, and to the 
least upper bound of closed, compact sets contained in E. { 'reg- 
ya-br 'bar .mezh-ar } 

regular Banach space See reflexive Banach space. { 'reg-ya* 
lor 'ba.nak ,spas } 

regular Borel measure [math] A Borel measure such that 
the measure of any Borel set E is equal to both the greatest lower 
bound of measures of open Borel sets containing £, and to the 
least upper bound of measures of compact sets contained in E. 
Also known as Radon measure. { 'reg-ya-br ba'rel .mezh-ar } 
regular connective tissue [histol] Connective tissue in 
which the fibers are arranged in definite patterns. { 'reg-yo-br 
ka'nek-tiv 'tish-ii } 

regular cluster [astron] A galaxy cluster that shows a 
smooth, centrally concentrated distribution of galaxies and an 
overall symmetric shape. { 'reg-ya-br 'kbs-tar ) 

regular curve [math] A curve that has no singular points. 
{ 'reg-ya-br 'karv } 

regular dodecahedron [crystal] See pyritohedron. 
[math] A regular polyhedron of 12 faces. ( 'reg-ya-br 
do.dek-a'he-dran } 

regular element [ind eng] An element that occurs with a 
fixed frequency in each work cycle. Also known as repetitive 
element. { 'reg-ya-br 'el-a-mant } 

regular expression [computsci] A formal description of a 
language acceptable by a finite automaton or for the behavior 
of a sequential switching circuit. { 'reg-ya-br ik'spresh-an } 

regular extension [math] An extension field K of a field F 
such that F is algebraically closed in AT and AT is separable over 
F; equivalent^, an extension field K of a field F such that K and 
F are linearly disjoint over F, where F is the algebraic closure 
of F. { 'reg-ya-br ik'sten-chan } 

regular function [math] An analytic function of one or more 
complex variables. { 'reg-ya-br 'fank-shan } 

Regularia [inv zoo] An assemblage of echinoids in which 
the anus and periproct lie within the apical system; not consid- 
ered a valid taxon. { ^g-ya'lare-a } 

regular IcosahedrorT [math] A 20-sided regular polyhe- 
dron, having five equilateral triangles meeting at each face. 
{ 'reg-ya-br Tjkas-a'he-dran J 

regularizatlon [quant mech] A formal procedure used to 
eliminate ambiguities which arise in evaluating certain integrals 
in a quantized field theory; corresponds to adding extra fields 
whose masses are allowed to approach infinity. { .reg-ya-br 
a'za-shan } 

regular lay [des eng] The lay of a wire rope in which the 
wires in the strand are twisted in directions opposite to the 
direction of the strands, { 'reg-ya-br "la } 
regular-lay left twist See left-laid. { 'reg-ya-lar ;ia 'left 'twist ) 
regular map See normal map. { 'reg-ya-br 'map } 
regular motor oil [mater] A petroleum lubricating oil suit- 
able for use in internal combustion engines under normal op- 
erating conditions. { 'reg-ya-br 'm5d-ar ,6il } 
regular octahedron [math] A regular polyhedron of eight 
faces. { 'reg-ya-br .ak-ta'he-dran } 

regular permutation group [math] A permutation group of 
order n on n objects, where n is a positive integer. { 'reg-ya* 
br ,parmya'ta*shan t griip } 

regu lar polygon [math] A polygon with congruent sides and 
congruent interior angles. { 'reg-ya-br 'pal-i,gan } 
regular polyhedron [math] A polyhedron all of whose faces 
are regular polygons, and whose polyhedral angles are congru- 
ent. { 'reg-ya-br .paH'he-dran } 

regular polymer [chem] A polymer whose molecules pos- 
sess only one kind of constitutional unit in a single sequential 
structure. { 'reg-ya-br 'pal-o-mar } 

regular prism [math] A right prism whose bases are regular 
polygons. { !reg*ya*br 'priz-am ) 

regular reflection See specular reflection. { 'reg-ya-br ri'flek- 
shan } 

regular reflector See specular reflector. { 'reg-ya-br ri'flek- 
tar } 

regular representation [math] A regular representation of 
a finite group is an isomorphism of it with a group of permuta- 
tions. { 'reg-ya-br .rep-ra-zan'ta-shan } 
regular sampling [min eng] The continuous or intermittent 
sampling of the same coal or coke received regularly at a given 
point. { 'reg-ya-br 'samp-lin } 
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- soli 



•'fV.^Yr- subsoil 



regolith 




jointed 
rock 



solid 
J~ rock 



Cross section through the regolith 
showing the components. 



REGULAR LAY 




Drawing of wire rope wound in 
regular lay showing position of 
the wires and strands. 
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5. . i*i r\ 



3 metal 



■ ' '•• lied Newton's first, second, and third laws) which 
■i^f? 1 - ^ basis '.of classical, or Newtonian, mechanics, and have 
rdlfor all mechanical problems not involving speeds 
P^^hie with the speed of light and not involving atomic or 
particles. 

+^^± ia \,See Newton's alloy. 

iHif ton , ! me thod [math] A technique to approximate the 
:.M^ n f f' .equation by the methods of the calculus. 
^^-irfngS' [optics] A series of circular bright and dark 
^j^^hichiappear about the point of contact between a glass 
onveX lens which is pressed against it and illumi- 
^Sonochromatic light. 

^■SK fc.gecond law [mech] The law that the acceleration 
%!F^^ c \s. is ^ directly proportional to the resultant external 
'^^tibg on:the particle and is inversely proportional to the 
^S^^the-particle. Also known as second law of motion, 
ri^^gqyare-root method [math] A technique for the 
ifSbntotfthe roots of an equation exhibiting faster con- 
Hi^^tijan Newton's method; this involves calculus methods 
r '^^«square-root function. 

^StfnSneory of lift [fl mech] A theory of the forces 
^^bman;airfoil in a fluid current in which these forces are 
^Scdito result from the impact of particles of the fluid on the 



fj^n^i theory of light See corpuscular theory of light. 
[Sj^&mirdilaw [mech] The law that, if two particles 
Tffi^;tliei force exerted by the first particle on the second 
FiB^fcalled-the action force) is equal in magnitude and 
fffi&i^direction to the force exerted by the second particle 
^pljirstiparticle (called the reaction force). Also known as 
igjS&tibn: and: reaction; third law of motion. 
l T5entiflle [comput sci] A portion of a computer sim- 
l^^ogram: which maintains a list of all events to be 
P*5Ssed?'and : - updates the simulated time. 
"SoSS§[gommun] A connection or interconnection of a com- 
^^donsisystem , such as a data link or a network of branches 



nickelocene 1081 



arson theory [stat] A theory that determines 
pittie;t>est:test to, use to examine a statistical hypothesis. 
ichW&e rnodified Lambert conformal chart. 
I^rojectlbn^c modified Lambert conformal projection. 
Jw^ogram. 

Sgptaxflj, [astron] A galaxy that has the optical appearance 
trongfe concentrated object with a semistellar nucleus 

'" IrKy^a; faint halo or extension, 
^nongonococcal urethritis. 
JSj^ntL. [mater] A propellant which v by reason of its 
|jfoomormethod of manufacture, does not absorb mois- 
^bmitHe;air: 
egiiicltell 
j^ehicotinic acid. 
jjffiltle^.See.' nicotinamide . 

SJSD* [geol] A North American provincial geologic se- 
IptaMiddle. Silurian. 
-^feG]j lASsmall projecting point. 
B35SI Eomput sci] A unit of computer storage, or infor- 
?S^ : to one-half byte. 

JLImech eng] Contour cutting of material by the 
|a reciprocating punch that takes repeated small bites as 

'"passed beneath it. 
aft~r,?* 5c ^ nicke l-cadmium battery, 
^ff/carbonitriding. 

8tw!!? WERAL ^ NiAs A pale-copper-red, hexagonal 
!&5^ metalIic luster; im P ortant ore of nickel; hard- 
,- 0n Mohs scale * AI so known as arsenical nickel; 

^^(S 1 ^e "nique role or way of life of a plant or 
^^^^tea^h * ^ GE0L J A shallow cave or reentrant pro- 
rrlSS enng and er osion near the base of a rock face or 
Bgglh^ waterfall. 
Egj^.^ HYD ] A common type of small mountain 
IjfcsSpe^ ftmnel " siia P ed hollow or irregular recess in 

fe^ f C0NT sys] A plot of curves along which the 
§<Wg ar ^ ument <* of the frequency control ratio is 
S^oftth P Wh ° Se ordinate is tne logarithm of the 
! Sfeonp e ' C ! pen ' loo P ^sfer function, and whose ab- 
^hwrl 0015 phase ^g^- 

^meter^ mGter [ENG] A modification of rahren- 
k r., m whch the lower end of the instrument 



carries a scale pan to permit the determination of the relative 
density of a solid. 

Nichols radiometer [eng] An instrument, used to measure 
the pressure exerted by a beam of light, in which there are two 
small, silvered glass mirrors at the ends of a light rod that is 
suspended at the center from a fine quartz fiber within an 
evacuated enclosure. 

nick See knickpoint. 

nickel [chem] A chemical element, symbol Ni, atomic 
number 28, atomic weight 58.71. [met] A silver-gray, 
ductile, malleable, tough metal; used in alloys, plating, coins 
(to replace silver), ceramics, and electronic circuits. 

nickel-63 [nuc phys] Radioactive nickel with oeta radiation 
and 92-year half-life; derived by pile-irradiation of nickel; used 
in radioactive composition studies and tracer studies. 

nickel acetate [org chem] Ni(OOCCH 3 ) 2 -4H 2 0 Efflor- 
escent green crystals that decompose upon heating; soluble, in 
alcohol and water; used as textile dyeing mordant. 

nickel-aluminum bronze [met] An alloy composed of an 
8-10% aluminum bronze with nickel added to increase strength, 
corrosion resistance, and heat resistance; used for dies, molds, 
cast propellers, and valve seats. 

nickel ammonium sulfate [inorg chem] NiS0 4 * 
(NH 4 ) 2 S0 4 -6H 2 0 A green, crystalline compound, soluble in 
water; used as a nickel electrolyte for electroplating. Also 
known as ammonium nickel sulfate; double nickel salt. 

nickel-antimony glance See ullmannite. 

nickel arsenate [inorg chem] Ni 3 (As0 4 ) 2 -H 2 0 Poison- 
ous yellow-green powder; soluble in acids, insoluble in water; 
used as a fat- hardening catalyst in soapmaking. Also known as 
nickelous arsenate. 

nickel bloom See annabergite. 

nickel brass See nickel silver. 

. nickel bronze [met] Bronze containing nickel; a common 
type contains 88% copper, 5% tin, 5% nickel, and 2% zinc. 

nickel-cadmium battery [elec] A sealed storage battery 
having a nickel anode, a cadmium cathode, and an alkaline 
electrolyte; widely used in cordless appliances; without re- 
charging, it can serve as a primary battery. Also known as 
cadmium-nickel storage cell; nicad battery. 

nickel carbonate [inorg chem] NiC0 3 Light-green 
crystals that decompose upon heating; soluble in acid, insoluble 
in water; used in electroplating. 

nickel carbonyl [inorg chem] Ni(C0) 4 Colorless, flam- 
mable, poisonous liquid boiling at 43°C; soluble in alcohol and 
concentrated nitric acid, insoluble in water; used in gas plating 
(vapor decomposes at 60°C) and to produce metallic nickel. 
Also known as nickel tetracarbonyl. 

nickel cast iron [met] An improved-strength alloy cast iron 
containing a small percentage of nickel (2-5%); in larger 
amounts (15-36%) nickel primarily imparts corrosion resist- 
ance. 

nickel-chromium steef [met] Steel containing nickel 
(0.2-3.75%) and chromium (0.3-1.5%) as alloying elements. 

nickel cyanide [inorg chem] Ni(CN) 2 -4H 2 0 Poisonous, 
water-insoluble apple-green powder; melts and loses water at 
200°C , decomposes at higher temperatures ; used for electroplat- 
ing and metallurgy. 

nickel delay line [electr] An acoustic delay line in which 
nickel is used to transmit sound signals. 

nickel formate [org chem] Ni(HCOG) 2 -2H 2 0 Water- 
soluble green crystals; used in hydrogenation catalysts. 

nickel glance See gersdorffite. 

nickeline See niccolite. 

nickel iodide [inorg chem] Nil 2 or NiI 2 -6H 2 0 Hygro- 
scopic black or blue-green solid; soluble in water and alcohol; 
sublimes when heated. Also known as nickelous iodide. 

nickel-iron battery See Edison battery. 

nickel-molybdenum iron [met] An alloy containing 
20-40% molybdenum and up to 60% nickel with some carbon 
added; has high acid resistance. 

nickel-molybdenum steel [met] Steel containing 
0.2-0.3% molybdenum and 1.65-3.75% nickel as alloying 
elements. 

nickel nitrate [inorg chem] Ni(N0 3 ) 2 *6H 2 0 Fire-haz- 
ardous oxidant; deliquescent, green, water- and alcohol-soluble 
crystals; used for. nickel plating and brown ceramic colors, and 
in nickel catalysts. 

nickelocene [org chem] (C 3 H 5 ) 2 Ni Dark green crystals 
with a melting point of 171-173°C; soluble in most organic 
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Periodic table of the chemical 
elements showing the position 
of nickel. 
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